To be accepted and elevated to a position of equality with the others, Heavy Ion Fusion must simultaneously avoid their real and perceived major flaws. To succeed, Heavy Ion Fusion must strive to be markedly the best fusion option.
INTRODUCTION
Those of us who gathered together for this conference and/or contributed to the Proceedings, can be said to be the "true believers" in Heavy Ion Fusion (HIF). After the dozen years that the HIF approach has been studied, it continues to look to us to be the best approach to fusion power (magnetic or inertial).
HIF uses classical accelerator theory and experience with working particle accelerators to establish the technology base for drivers for Inertial Confinement Fusion (ICF).
The approach has the advantage that it separates all of the critical and expensive components from the reactor chamber, except for the final focussing magnets which can be shielded from most of the radiation and debris. The accelerator drivers can be made .
with good electrical efficiency and the technology is intrinsically reliable and long-lived because components are not greatly stressed. Such accelerators can also operate with much higher pulse repetition rates than appear to be needed for a single reactor chamber of any of the designs that have been studied.
All of the above advantages, and more, have been recognized by numerous review committees, funding agencies, and individual scientists in the US, Europe, Japan and the USSR. The target physics for ICF has made good progress, as reported during this conference and elsewhere. In many talks and reports, ICF advocates have referred to HIF as the appropriate driver technology for power production from ICF.
In spite of all of these positive factors, HIF funding has stayed at a bare keep-alive level, not enabling it to compete with, for instance, newer generations of lasers for near term applications. Eventually even the "true believers" must ask if there is a future for this promising technology. In particular, are there scenarios for the near future, in which the interest in, and political support for, fusion energy are likely to increase significantly? If such a scenario does occur, what should the status of HIF be at that time so that it is looked upon as a favored approach?
We shall examine the above questions, particularly the first one, looking for scenarios favorable to fusion, from several different viewpoints and points in time.
ENERGY

SCENARIOS
We will examine energy supply and energy demand from the viewpoints of various professionals, such as the Electric Power Research Institute (EPRI) and the Energy
Research Advisory Board (ERAB). W e will also look at constraints as imposed by environmental advocates, public opinion, and political forces. We will examine issues constraining fusion, as a stand-alone technology, and those that compare fission and fusion. We will try to do most of the above for three different points in time:
to establish a frame of reference; l In 5-10 years: because this is the time period during which there should be changes in attitude so that funding for fusion, particularly HIP, can improve and thus enable timely progress to be made; and . In all of this, there is a distinctly U.S. attitude.
Those of you from other areas should apply local correction factors to these scenarios.
Energy Supply Now:
Energy is too abundant and too cheap. The low world energy prices prevent related R&D, and have virtually halted oil exploration and development of alternative sources such as solar, coal gassification, shale oil extraction, etc.
Yet, even now, 30% of the U.S. Trade Deficit is due to oil imports. If, or when, oil prices double, this part of the deficit will soar. The U.S. is providing naval protection in the Persian Gulf that costs about $200/barrel transported [l] .
Meanwhile, most U.S. oil imports are from neighboring nations-Canada, Venezuela and Mexico-all suffering severely from the depressed oil prices. The economy in the "oil patch" states of the U.S. is also very depressed.
The conclusions are that, while it is nice that oil is cheap (airplane tickets and gasoline are inexpensive), the low prices cause serious problems and are unsustainable for very long.
Energy Supply in the Future:
Fusion is not part of the present energy picture and is only needed for the future if it can be shown to have advantages over coal and fission breeders. Since oil will disappear as an economic fuel, future energy needs must be met by a combination of coal, fission, fusion and the "renewables," including solar and conservation.
At the present rate of use, coal is available for 500 years. Fission fuels are available for 1000 years, even with growth of use, by using fission breeders [2] . The only so-called "renewable" resource that has much prospect for significant development is conservation [3] . The other renewables, led by burning biomass and hydroelectric, presently contribute about 6% of U.S. energy supply, and will be hard pressed to maintain that percentage in the future [2] .
Energy Demand Now and in Five to Ten Years: Table I shows U.S. Primary Energy inputs from 1984, projected to 1995 [4] . Projections of world-wide energy consumption for the next century show a steep rise, presumably while the Developing Nations strive for higher standards of living. By 2050, total consumption is projected to be triple the present rate [5] .
From Table I , it is seen that the only sector that will show significant growth in the 5-10 year period is electricity. For 50 years, electricity use in the U.S. has tracked the Gross National Product (GNP). If the real GNP rate of growth is 3%, in 30 Years electricity demand will be 72 Quads, assuming the present (1988) electricity demand is 30 Quads [4] .
The present installed generating capacity of the U.S. is about 600 GW, and the peak demand is 450 GW. The apparent 30% margin gets reduced to about 10% by maintenance, forced outages, etc. However, about 25% of all fossil fuel generating capacity will be over 30 years old by 1990 and 50% of all capacity will be over 30 years old by 2000. Thirty years is generally considered to be the lifetime of fossil fuel plants.
In the 5-10 year period, there are planned additions of 130 MW, 40% of which is judged to be at risk of not being completed [4] .
While it appears that there is a severe deficit in generating capacity coming soon, there are four unew" sources of power [6] .
1) CONSERVATION. Government decreed standards for refrigerators and new, more efficient florescent light ballasts are just two items that have the potential of reducing power demand by literally gigawatts [7] .
2) COGENERATION. Industrial and institutional heating and cooling facilities are increasingly being built to include electrical power generating capability [8] . The
State of California requires the utility companies to purchase this power at a rate that encourages such projects, but disturbs the utilities [9] . A recent example is a 41 MW cogeneration plant just completed at Stanford University to provide heat, cooling and electrical power to the University Campus [lo] .
3) IMPORTS. The northeast part of the United States is particularly dependent on power imported from Canada.
4) .LIFE EXTENSION. Many of the ageing fossil fuel plants will be refurbished to
extend their useful life [11, 12] .
To a large extent, the primary energy input for the above facilities will come from the Natural Gas Ububble" that resulted from the jump in energy prices due to the OPEC embargoes of the 1970's. As this natural gas resource is consumed, conventional wisdom is that gas and oil prices will rise sharply and that coal will replace them. However, most of the new power installations consist of natural gas-fired jet engine turbines that cannot be converted. Thus, if gas prices do rise sharply in 5-10 years, there may be a climate of public opinion that is favorable to fusion. This is one of the scenarios that we were looking for to provide an opportunity for fusion.
There is at least one alternative to the above scenario. There are potentially large resources in "unconventional natural gas" including "tight sands" gas, recoverable Devonian shale gas, and coproduction of natural gas and water. There are other even less conventional sources of natural gas that may have enormous potential including geopressurized zone methane, natural gas hydrates that are frozen in Arctic permafrost, and "deep" gas, including primordial methane, 5-10 kilometers deep [2] .
There are large uncertainties in the estimates of the amount of these gas resources and in the cost of production, but the implications are very great. Not only could unconventional natural gas significantly extend the fossil fuel era, but it would have less environmental impact than any energy source except fusion. It is important to note that fusion is not immune to any of the above problems.
Pure fusion, as contrasted to fusion-fission hybrids, can refute the proliferation and mine tailing issues and has a qualitative advantage on the nuclear waste issue.
Weinburg describes a future with a usecond nuclear era" that will start in 25-30 years. In order for the second nuclear era to begin, he (and many other writers) feel that there must be a decade Uwithout bad news," meaning no new Chernobyl-TMI- The new technologies for nuclear power are far safer than the present generation of reactors [17] . Speaking personally, I have become much more of a fan of nuclear power since I started to research this paper. But it is also important to objectively report and understand the public attitude about safety, and how it differs from professional attitudes. In an elaborate comparison of numerous risks facing our population, on a scale of udread," nuclear power was only a close second to nuclear war [18] . This was true of members of the League of Women Voters and of college students. UExperts" ranked nuclear power far lower as a hazard.
. It is not very useful to attempt to rationalize the risks of nuclear power compared to smoking, flying or driving [19] . H owever, as noted above, conventional wisdom is that coal will be used as the primary source of energy as oil and gas become too expensive.
In fact, as is well known and well documented, coal is a terribly dangerous source of energy, being responsible for many accidental deaths and injuries and for an enormous amount of illness. While these problems are somehow usually overlooked, (exceptions do occur such as today when this is being written, the news tells about a coal mine disaster in Germany), it can be expected that when the large scale increase of coal use becomes apparent, then pubic opinion will react to the safety and environmental hazards of coal. This is essentially the second of our scenarios favorable to fusion; when more coal is needed and the real dangers of coal become evident. The ESECOM [9] report studied safety issues for magnetic fusion. The major concerns are:
neutron activation of reactor and blanket materials, -the inventory of tritium and the risk of tritium release.
The report studied a variety of reactor designs and gives safety credits to the construction cost, if parts of a fusion plant do not need nuclear grade materials and procedures.
In It is notable how little appears about ICF when fusion is discussed. The chapter on fusion [24] only mentions that ICF exists and is fundamentally different from magnetic confinement.
Heavy Ion Fusion:
It is beyond the scope of this report to discuss the application of the ESECOM findings to Heavy Ion Fusion. We note that there has been at least one study of Advanced Fuel
Inertial Fusion systems, which concluded that the only driver approach which could even conceivably succeed was a Heavy Ion Accelerator [25] . We have also heard of some recent work on applying the "Flibe" molten salt concept to an Inertial Fusion reactor PI.
CONCLUSIONS
The "second nuclear era" is about as far away as is fusion today.
For the very long range, fission breeders and fusion are the only choices.
. For the near future, when we hope for improved public concern with energy research issues, the safety and environmental problems of coal and the safety problems of fission should result in fusion being favored.
Conservation and the potential of "unconventional" natural gas may significantly delay the requirement for new generating technology.
Heavy Ion Fusion needs recognition. HIF is not mentioned in most of the references sited in this report.
Newspaper reports of ICF success were misunderstood, even by many scientists.
Safety and environment protection are important fusion criteria that must be very carefully preserved and nurtured, to maintain the advantages that fusion has over fission.
This can reduce costs, as shown by the ESECOM study, because nuclear grade systems are not required. to "Median Experience" (ME).
The other dots for fission systems are; LSPB; large scale prototype breeder, PRISM;
power reactor inherently safe module, breeder design, and MHTGR; modular hightemperature gas-cooled reactor.
The abbreviations for the fusion systems are defined as follows: 
